and control (1528) subjects and for subjects with RA occurred within the 95% confidence interval of least pain and stiffness. These data suggest that the inferior performance of subjects with RA may be an accentuation of the normal physiological variation seen in healthy controls, but may be modulated by the patient's level of pain or stiffness, or both.
In recent years a number of investigators have reported circadian variation in clinical`3 and laboratory' variables in patients with inflammatory arthritis. In general, these investigators used traditional statistics. For some years, however, statistical techniques based on least squares and cosine vector analysis, which permit the use of real time data, have been successfully used by chronobiologists in mapping the absolute and relative timing of different biological rhythms.7 8 In this study we used these techniques to map the relation between the rhythms of pain, stiffness, and disability in patients with rheumatoid arthritis (RA). We also compared the manual dexterity (as measured by bead intubation coordinometry-BIC) of patients with RA and healthy controls. The purpose of the study was to examine whether such techniques could be successfully used to define the absolute timing of three different biological rhythms and the relativity of one to another, and to conduct a preliminary assessment of BIC as an outcome measure for RA clinical trials.
Materials and methods
The quasi-experimental study compared repeated measures in two groups-one of 14 patients with RA and the other of 14 healthy controls matched for age and sex. The patients with RA (nine female, five male) had a mean age of 51 years (range 33-65) and mean disease duration of nine years (range 1-17). All patients were in a steady state. The controls (nine female, five male) had a mean age of 51 years (range . All patients with RA were symptomatic and fulfilled criteria for classic or definite disease. All were taking antirheumatic drugs at the time of study and some were using concomitant supplementary analgesia with acetaminophen. These consecutive consenting patients were maintained on the same drug regimen throughout the study. Control subjects were matched for sex and for age within four years. They were recruited from among hospital staff and were eligible if they were clinically free from musculoskeletal and neurological disease and were not taking drugs for any other condition at the time of study. Each patient with RA was interviewed and examined and their competence and ability to complete pain and stiffness questionnaires verified. In addition, each patient and each control was also instructed and examined on the use of the BIC instrument. Thereafter, each patient was given a questionnaire consisting of two questions: (a) How much pain are you currently experiencing? and (b) How much stiffness are you currently experiencing? Responses for pain and stiffness were separately scaled on 10 cm horizontal visual analogue scales with terminal descriptors no pain (or stiffness), most severe pain (or stiffness) I have experienced. BIC measurements were self administered. Patients were shown where they should record the real time at which the observation was made and their BIC score. Control subjects only recorded real time and BIC score. The assessments of pain, stiffness, and BIC in patients and BIC in healthy controls were repeated six times a day (at wake up, 1000, 1400, 1800, 2200, and bedtime) on nine consecutive days. Only data from the last seven days were used in the analysis.
The coordinometer consisted of a shallow circular aluminium receptacle with a flat base (11-5 cm) and vertical side (4-0 cm). The top was closed by a Perspex lid, carrying at its centre, a hollow vertical (8 cm) stainless steel tube. The calibre of the tube was such that it would only accept a series of sandblasted stainless steel precision beads (0 65x0 48 cm) when they were presented with their long axis exactly corresponding with the axis of the tube. Twenty five such beads were placed in a shallow plastic bowl to one side (determined by hand dominance) of the coordinometer, while a precision stopwatch was placed on the other side at a distance comfortable to the patient. The test started with the patient's dominant hand holding the first bead while the nondominant hand was on the stop watch. Simultaneously, the watch was started and bead intubation commenced. Thereafter, the beads subjects. On a scale of 0 to 100 all subjects showed intrasubject variability (ROC mean (SE) 31 (6) units and ranging from seven to 65) in pain ratings, with individual scores ranging from 0 to 82 units (table 4). After conversion of each series to a percentage of the mean a one way ANOVA between timepoints for the group as a whole detected a significant effect of time (F=8-6, p<0001). Single cosinor analysis showed significant (p-0 05) circadian rhythms in the circadian domain for seven subjects. The location of the least pain (bathyphase, b+) was calculated to be generally in the afternoon and evening hours. Summary by population mean cosinor described a significant circadian rhythm for the group as a whole at p=0 003, with mesor (SE) 13-4 (4 0) units, amplitude 49-8% (95% limits 17-9, 82 8), and bathyphase at 1700 (95% limits from 1416 to 1852).
RA-STIFFNESS
On a scale of 0 to 100 all subjects showed intrasubject variability (ROC mean (SE) 36 (6) units and ranging from seven to 76) in stiffness ratings, with individual scores ranging from 0 to 82 units (table 4) . After conversion of each series to a percentage of the mean a one-way ANOVA between timepoints for the group as a whole detected a significant effect of time (F=15-6, p<0-001). Single cosinor analysis showed significant (p-0O05) circadian rhythms in the circadian domain for 11 subjects. The location of the least stiffness (bathyphase, b4p) was calculated to be generally in the afternoon and evening hours. Summary by population mean cosinor described a significant circadian rhythm for the group as a whole at p=0-020, with mesor (SE) 18-3 (3 4) units, amplitude 33-2% (95% limits 5 2, 61-5) , and bathyphase at 1724 (95% limits from 1352 to 1944). Figure 4 shows the timepoint averages for pain (RAP) and stiffness (RAS) ratings and manual dexterity (RAC) for patients with RA, and fig 5 shows the circadian timing of these variables. A temporal relation between manual dexterity and ratings of pain and stiffness was thus established in patients with rheumatoid arthritis. by the frequency with which they have been used in antirheumatic drug trials. 13 In this study we used conventional 10 cm visual analogue scales and a novel instrument (BIC) not previously used in the assessment of patients with RA. Performance of BIC may be altered by the presence of musculoskeletal or neurological disease. The patients in this study had no clinical evidence of neurological disease, and thus differences between patients and controls were due to the presence of articular disease. As such, the BIC test became a measure of dominant limb manual dexterity.
In this study we mapped daily changes in pain, stiffness, and BIC in a group of patients with RA who are typical of those recruited for non-steroidal anti-inflammatory drug studies. It is of note that variability in most, but not all, The circadian rhythmicity in BIC in healthy normal controls found in this study differs from that previously noted in 12 medical students in northwest Greenland.9 In that study no statistically significant rhythm was detected in BIC, but the field conditions were severe: low ambient temperature, dry skin, and the polished surface of the beads contributing to the difficulty of performing the task. We believe that sandblasting the beads was a major contribution to our success in detecting rhythmicity in this study. It is of note that the BIC performance of healthy controls was characterised by a rhythm of lower level and smaller amplitude than in patients with RA. The lower level is accounted for by the faster speed at which healthy subjects completed the tasks. The smaller amplitude is probably due to the absence of the modulating influences of pain, stiffness, and other aspects of the inflammatory process which may make it more difficult to perform BIC at some times of day than others. In contrast, it is of interest to lom but showed a note that peak BIC performance (as defined by -nce to a quasi-the bathyphase) in patients with RA and Eriod of about 24 controls occurred at almost exactly the same the level of pain, time. This may indicate that the performance -e throughout the profile of patients with RA merely represents a Furthermore, we vertical distortion of the normal rhythm found is best about the in healthy controls. This distortion may be least-that is, in mediated by the modulating influences of joint ening. Indeed, it pain and stiffness, though this contention canrmance-that is, not be substantiated from the current data. s joint stiffness
In a separate study (unpublished data) we y be a potential demonstrated the responsiveness (p=0 02) of i, though current BIC performance in 21 patients with RA receivon to be substan-ing flurbiprofen after a washout period free not followed in from non-steroidal anti-inflammatory drugs. ironment Canada When taken together with the present data on between-subject and within-subject variability-that is, reliability-and given the instrument's face and discrininant validitythat is, RA v controls-we believe that BIC may usefully complement grip strength and arthrocircometry as an objective measure of disease activity in RA clinical trials. Finally, this study has shown that least squares and cosine vector techniques, which are traditional methods of anlaysis in the discipline of chronobiology, may be applicable in dissecting the time structure of the musculoskeletal diseases.
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